Various amino, diamino, aminothio, or benzotriazolo compounds derived from the exceedingly versatile 2-nitroperchlorobutadiene (1) gave structurally interesting and physiologically promising nitro-enamines, -imines, -amidines, and hydrazines as well as ring closure reaction products, e. g. pyrimidines and pyrazoles. Most of these reactions turned out to be highly selective with good to very good yields. The structure of the pyrazole precursor (E,E)-1-(benzotriazol-1-yl)-4,4-dichloro-3-(4-ethoxyphenylamino)-1-(4-ethoxyphenylimino)-2-nitrobut-2-ene (30), due to its exceptional substitution pattern, was evidenced by single-crystal X-ray diffraction analysis.
Introduction
In the course of our studies concerning polyhalogenated nitrodienes, in many cases 2-nitroperchlorobutadiene (1) [1] or nitrotrichloroethylene [2] proved themselves as appropriate precursors for a diverse variety of synthetically and/or physiologically interesting chemical compounds. Especially diene 1 is often the starting material of choice, due to its stepped reactivity in S N Vin processes. Thus, applying selective and mild reactions, this diene enables click chemistrytype syntheses [3] . In the present paper, we mainly focus on recent progress in the syntheses of acyclic and heterocyclic nitro-enamines and -imines [4, 5] , such as nitropyrimidines or nitropyrazoles, or benzoannelated nitrovinylidene bisheterocycles.
Results and Discussion
The vinylic S N reaction of 2-nitroperchlorobutadiene (1) with at least four equivalents of an aniline derivative that bears an electron-releasing group (ERG/Hal) in 4-position of the phenyl ring selectively affords the corresponding 1,1-bis(arylamino)-butadienes 2 -7 with up to 95 % yield. The regiospeci-0932-0776 / 10 / 0700-0843 $ 06.00 c 2010 Verlag der Zeitschrift für Naturforschung, Tübingen · http://znaturforsch.com fity is caused by the fact that the LUMO of 1 is located preferentially at the dihalogeno-nitrovinyl fragment, and to an extent of 67 -85 % at the C-1 carbon atom [1d] . Therefore, the first nucleophilic substitution reaction usually takes place at the C-1 position of 1 and proceeds stereospecifically with respect to the configuration of the double bonds. The ease of the second, hence twofold substitution at the C-1 atom is probably due to an extraordinary high electrophilicity of the assumed imide chloride intermediate A shown in Scheme 1. In fact, the reaction at this imine-type carbon atom is preferred over the nucleophilic attack at the β -carbon atom of the nitrodichlorovinylene moiety and exclusively leads to the 1,1-bisamines 2 -7 (Scheme 1).
The substructure of a nitro-substituted enamine within compounds 2 -7 should enable a stabilization caused by a strong hydrogen bond between an oxygen atom of the nitro group and the single proton at the aniline nitrogen atom as shown in Fig. 1 (framed structure), a behavior typical of such enamines [6, 7] .
Even though nitronate or iminic structures, in detail the depicted tautomeric amidines, are plausible to occur and have been previously proven by NMR spectroscopy in case of the reaction of 1 with ani- line and o-chloroaniline [8] , in the present case the proton spectra gave no characteristic signal of such a deshielded methine proton that is located in a terminal dichloromethyl group. In contrast, applying less basic anilines with electron withdrawing groups in 4-position of the phenyl ring, N-tetrachloroallylidene-N -arylhydrazines were obtained instead of the aforementioned 1,1-bisamination products. The reaction starts again with the initial nucleophilic substitution by the aniline derivative, but in the second step, the imidoyl chloride unit within 1 then preferentially reacts with an adjacent oxygen atom of the nitro group, i. e. in competition with the electron-deficient anilines. Further mechanistic aspects have been previously published by our group [9] , but herein it should be explicitly stated that subsequent to the mentioned nucleophilic attack the C-1 carbon atom of the butadiene derivative 1 is lost in the form of carbon dioxide. Scheme 2. Thus, regarding the syntheses in this paper, the conversion of 1 with 4-nitroaniline and 4-cyanoaniline afforded the N-(tetrachloroallylidene)-N -arylhydrazines 8 and 9, both with a C-3 backbone. The yields of these N-perchloroallylidene derivatives were 63 % and 86 %, respectively (Scheme 1).
The distinct electrophilic character of the C-1 carbon within 8 and 9 , that is caused by electron withdrawal to the C=N group and in addition to the chlorine atom, prompted us to explore similar substitution reactions. Thereby, on application of aromatic or aliphatic amines, the corresponding N-(1-amino-2,3,3-trichloroallylidene) -N -arylhydrazines 10 -13 were obtained (yields 63 -88 %; Scheme 1). Interestingly, quite a number of aromatic hydrazones have been found to exhibit extensive biological activity [10] .
It is noteworthy that the hydrazones 10 -12 are generated as single isomers, whereas the methoxy deriva- tive 13 gave an inseparable 3 : 1 mixture as evidenced by 1 H NMR. In principle, this course observation should be expected because of the potential appearance of two tautomers of 13 as depicted in Fig. 2 .
In addition to the aforementioned conversions of 1 applying amines, we also became interested in extending the applicability to other nucleophiles, e. g. sulfur compounds. As a promising example we started with 4-chlorothiophenol. The solventless reaction of butadiene 1 with one equivalent of this sulfur-nucleophile afforded the substitution product 14 in 78 % yield (Scheme 2).
The exclusive formation of the (E)-isomer of 14 is in accordance with the literature [11] . However, the occurrence of the (E)-isomer with the opposite configuration in 15 and 16, i. e. with the sulfur-substituent in trans-position to the nitro group, is possible due to free rotation around the single bond between C-1 and C-2 in the intermediate that is produced during the attack of the N-nucleophile at the C-1 carbon atom. These 1-amino-1-thiodienes 15 and 16 were obtained in 80 % and 95 % yield, respectively, upon treatment of the sulfur-substituted nitroperchlorobutadiene 14 with amines. Comparing 15 with 16, it turned out that within 16 the remaining amine proton additionally supports the (E)-configuration by formation of a hydrogen bridge to the neighboring nitro substituent. Recently, in an analogous way, the double bond configuration of similar nitrovinyl compounds had been assigned [12] .
With the aim to synthesize N, N, S-substituted dichloronitrobutadienes from 15 and 16, we went on with S N Vin reactions. With regard to Pearson's HSAB concept [13] , the monochloro-substituted α-carbon atom within the trichloro-vinyl group of these aminothiodienes should give rise to an attack of further (relatively weak) nucleophiles. Even though the application of other, preferentially different sulfur nucleophiles is on our schedule, at first we tested substitution of this single chlorine atom of the Cl 2 C=CCl fragment by amines (Scheme 2). Two different types of products appeared: the reaction of the morpholinyl derivative 15 led to dichloronitrobutadiene 17 with the expected N, N, S-substitution pattern, but conversion of the chlorophenylaminodiene 16 afforded the corresponding iminonitrobutene 18. Thus, the latter product exhibits the most extended π system, i. e. from the chlorophenyl moiety to the push-pull-substituted olefinic double bond. Also in this case, the structural assignment was unambiguously performed applying NMR spectroscopy. In detail, even proton spectroscopy attested to the assumed structure, as the proton of the exterior HCCl 2 fragment within 18 gave a singlet at δ = 6.80 ppm and additionally a characteristic increase of the one-bond C,H coupling constant (from about 125 Hz to 182 Hz).
Aside from the N, N, S derivatives, we investigated the access to the similar N, N, N-trisubstituted nitrobutadienes. Therefore, the precursor 1 was subjected to reaction with four equivalents of ben- zotriazole in tetrahydrofuran, whereupon the aspired twofold vinylic substitution at the C-1 carbon atom of nitrodiene 1 occurred with 72 % yield (Scheme 2). Further conversions of the resulting bis(benzotriazolyl)diene 19, each with one equivalent of a different aniline derivative under mild conditions, exclusively gave (E)-isomers of 1-arylamino-1-benzotriazolylnitrobutadienes 20 -24 in good to very good yields up to 90 %. Again, the stereochemical outcome should be due to the hydrogen bond between the remaining aniline proton and the adjacent nitro group. The desired N, N, N-substitution pattern subsequently was completed upon reaction of 20 -24 with two equivalents of various amines, i. e. more electronrich anilines with a 4-alkoxy substituent as well as benzylamine, or non-aromatic amino compounds. Similar to the aforementioned product 18, also comprising an imino group, a selection of (1E,3E)-1,3-diamino-1-(benzotriazolyl)-4,4-dichloro-2-nitrobut-2-enes 25 -35 was synthesized with yields ranging from 68 % to 94 %. Biological tests of these unique compounds are underway. Some physiological potential can be expected, as even 2-nitrobut-2-enes have antiviral and also cytotoxic properties [14] . Additionally, the precursor perchloronitrobutadiene 1 was also proven to be active against cancer cells [15] . Caused by the physiological as well as synthetic key importance of these 1,1,3-triaminodichloronitro compounds, as an example an X-ray structure analysis of compound 30 was performed in addition to NMR-based structural assignments (Fig. 3) .
In contrast to previously synthesized acyclic products, conversion of nitrobutadiene 7 or the nitrobutenes 28 and 30 with five equivalents of hydrazine hydrate in MeOH at room temperature in a multistep reaction sequence gave the interesting 5-amino-4-nitropyrazole 36, again as a single isomer (Scheme 3). Scheme 3. In Scheme 4 the assumed mechanistic pathway is depicted with nitrobutadiene 7 as an example, together with its amidine tautomer. However, this mechanism should also reflect the behavior of the imines 28 and 30 (see Scheme 3), as well as further examples from the entire substance pool 25 -35. In detail, the imino moiety initially is attacked by one equivalent of hydrazine hydrate, releasing the NHAryl group (or the benzotriazole in case of 25 -30). The terminal amino group of the hydrazine in intermediate A then forms the pyrazolidine B. Upon elimination of hydrochlo- Scheme 4. ric acid in case of 7 as the starting material (and an aniline derivative in case of 25 -35) which consumes a further equivalent of hydrazine hydrate in the former case, the dihydropyrazole C is formed. Subsequently, the imine C tautomerizes to the aromatic aminopyrazole D. The latter compound itself is then converted by a further equivalent of hydrazine hydrate (and one more as acid scavenger) to the (hydrazinomethyl)pyrazole E by substitution of one chlorine atom of the terminal Cl 2 CH group. The newly introduced hydrazine group is transformed into the corresponding hydrazone via HCl elimination, again supported by one equivalent of hydrazine hydrate. The sequence ends up with the tautomerization to give 36 (Scheme 4).
It turned out to be feasible to generate not only pyrazoles, but also the rare and physiologically interesting 5-nitropyrimidines [16] starting from appropriate benzotriazolylaminodienes, such as 21 -24, and acetamidine. In this case, at first a bisimine 37 appeared, which upon treatment with base (sodium hydride in THF) then cyclized to the 5-nitropyrimidines 38 -42 (Scheme 5).
In this context, the recently proposed mechanism of this hetero ring formation [16b] can be refined in this paper, taking into account the now isolated initial product 37. Thus, the previous assumption that the 1-benzotriazolyl group of such a 1-amino-1-benzotriazolyl-3,4,4-trichloro-2-nitrobutadiene upon treatment with an amidine reacts in the same way as a corresponding 1,1-bisbenzotriazolyl compound, was based on the isolation of the 1-amidinyl-1-benzotriazolyl compound. However, in the present case, the 3-chloro substituent reacts faster than the 1-benzotriazolyl group. Summarizing these new findings, initially a conjugated bisimine-enamine A is built which then forms its tautomer 37. The terminal amino group of the acetamidine moiety in 37 subsequently attacks the C-1 position to give intermediate B, i. e. a persubstituted 1,6-dihydropyrimidine. The mechanistic pathway ends up with an aromatization step to give the 5-nitropyrimidines 38 -42 (Scheme 6).
To perform these syntheses more efficiently, we tested a one-step method. Indeed, the pyrimidine derivatives 38 -42 were obtained in 47 to 69 % yield, starting from the aminobenzotriazolyldienes 20 -24, three equivalents of acetamidine hydrochloride, and four equivalents of the base (Scheme 7).
Moreover, treatment of nitrodiene 1 with aromatic ortho-substituted bisnucleophiles, such as 2-aminophenol, 2-aminothiophenol, or phenylenediamine, directly leads to bis-substitution at C-1 of the persubstituted butadiene. Good to very good yields of the resulting benzoxazoline 43, benzthiazoline 44, and benzimidazoline 45 up to 90 % were obtained (Scheme 8). Both of the mixed bisheterocycles, the N,O-derivative 43 as well as the N,S counterpart 44, appear as one single isomer with (E)-configuration, caused by the aforementioned hydrogen bond stabilization. It is noteworthy that 45 was previously synthesized with only moderate yield and more laboriously, based on 1,3,4,4-tetrachloro-2-nitro-1-(p-tolylthio)buta-1,3-diene [17] or bis(benzotriazole)diene 19, respectively. This benzimidazoline exhibits herbicidal activity and acts as a model compound, when exploring ca- Scheme 8. seinolytic protease as target for herbicides or growth regulators [18] .
With the hope to increase the physiological performance, we also introduced the tertiary amine N, Ndimethylaminopyridine into the bisheterocycles 43 -45. Thus, under mild conditions at 0
• C in MeOH, the betaines 46 -48 were synthesized in acceptable yields of up to 64 % (Scheme 8).
By affording the novel and structurally interesting cross-conjugated inner salts 46 -48, once again the broad synthetic applicability of 2-nitroperchlorobutadiene, especially upon reaction with N-or Snucleophiles, is demonstrated. In conclusion, its selective and stepwise reactivity hitherto allowed for the syntheses of various classes of chemical substances and hundreds of compounds in our group [1, 2, 9, 16b], partly with remarkable physiological activity. Applying click chemistry principles, further efficient syntheses of suchlike compounds appear feasible and promising.
Experimental Section
Melting points were determined with a Büchi apparatus 520 and are uncorrected. Thin layer chromatography (tlc) was performed on Merck TLC-plates (aluminum based) silica gel 60 F 254. FTIR spectra were obtained with a Bruker Vector 22 FT-IR in the range of 400 to 4000 cm −1 (2.5 % pellets in KBr). Mass spectra were obtained on a Hewlett Packard MS 5989B spectrometer, usually in direct mode with electron impact (70 eV). In the case of chlorinated and brominated compounds, all peak values of molecular ions as well as fragments refer to the isotope 35 Cl and 79 Br. The elemental composition was confirmed either by combustion analysis or by high-resolution EI mass spectrometry. All HRMS results were satisfactory in comparison to the calculated accurate mass of the molecular ion (±2 ppm, R∼10000). 1 H NMR (600 MHz), 13 C NMR (150 MHz): Avance III 600 MHz FT-NMR spectrometer (Bruker, Rheinstetten, Germany); 1 H NMR (400 MHz), 13 C NMR (100 MHz): Avance 400 FT-NMR spectrometer (also Bruker). 14 N and 15 N NMR spectra were measured at their appropriate resonance frequency on the aforementioned spectrometers; 15 
General method 1 3,4,4-Trichloro-N,N -bis(4-fluorophenyl)-2-nitrobuta-1,3-diene-1,1-diamine (2)
A solution of 4-fluoroaniline (5.00 g, 45 mmol) in 30 mL of MeOH was added dropwise to a solution of nitrodiene 1 (2.71 g, 10 mmol) in 30 mL of MeOH at −40 • C within 10 min. The resulting mixture was kept at the same temperature for additional 20 min with stirring. After 6 h at room temperature (r. t.) and subsequent cooling to 0 • C, 3 mL of concentrated hydrochloric acid was added. The resulting precipitate was filtered off, washed with water (2 × 30 mL) and cold MeOH (10 mL Trichloro-N,N -bis(4-ethoxyphenyl)-2-nitrobuta-1,3-diene-1,1-diamine (7 N-(1,2,3,3-tetrachloroallylidene) -N -(4-cyanophenyl)hydrazine (9) were synthesized according to the literature [9] . The synthesis of nitrile 9 was optimized: A mixture of nitrodiene 1 (500 mg, 1.84 mmol) and 4-cyanoaniline (217 mg, 1.84 mmol) in anhydrous THF (20 mL) was heated at 45 -50 • C for 6 d. After evaporation of the solvent in vacuo, 20 mL of water and 2 mL of conc. HCl were added. The precipitate was filtered off and washed with water. Column chromatography (petroleum ether/ethyl acetate 5:1) gave hydrazone 9 as a colorless powder; yield: 489 mg (86 %); m. p. 201 -203 • C. NMR spectra were in accordance with the literature. (10 -13) were synthesized in MeOH at 0 • C, then r. t. from hydrazines 8 and 9, respectively, according to a previously published method [9] . 
3,4,4-Trichloro-N,N -bis(4-chlorophenyl)-2-nitrobuta-1,3-diene-1,1-diamine (3)
General
3,4,4-Trichloro
-2-nitro-N,N -di-p-tolylbuta-1,3-diene-1,1- diamine (6)δ = 10.13 (broad s, 2 H, NH), 7.09 (d, J = 8.5 Hz, 4 H), 7
3,4,4-

N-(1,2,3,3-Tetrachloroallylidene)-N -(4-nitrophenyl)-hydrazine (8) and
N-(1-Amino-2,3,3-trichloroallylidene)-N -(aryl)hydrazines
N-(2,3,3-Trichloro-1-thiomorpholinoallylidene)-N -(4-nitrophenyl)hydrazine (10)
Yield: 73
{2,3,3-Trichloro-1-(4-fluorophenylpiperazin-4-yl)allylidene}-N -(4-nitrophenyl)hydrazine (11)
Yield
N-(2,3,3-Trichloro-1-pyrrolidinoallylidene)-N -(4-cyanophenyl)hydrazine (12)
To a suspension of hydrazone 9 (500 mg, 1.62 mmol) in MeOH (20 mL) was added a solution of pyrrolidine (0.23 g, 3.25 mmol) in MeOH (5 mL) at 0 • C within 10 min with stirring. The resulting reaction mixture then was stirred for 1 h at 0 • C and for 3 h at r. t. Subsequently, the supernatant liquid was concentrated in vacuo to a volume of about 5 mL, cooled to 10 • C and then treated with 5 % aqueous HCl (40 mL). The precipitate was collected. The residual solution was extracted with ethyl acetate (5 × 50 mL). Subsequently, the combined organic layers were washed with brine and dried over anhydrous sodium sulfate. Evaporation of the solvent in vacuo gave a crude solid that was dissolved in diethyl ether. Addition of hexane (50 mL) gave the pure product that was isolated, washed with cold hexane (5 mL 
N-(2,3,3-Trichloro-1-(4-methoxyphenylamino)allylidene)-N -(4-cyanophenyl)hydrazine (13)
A solution of p-anisidine (0.42 g, 3.41 mmol) in MeOH (10 mL) was added with stirring at 20 • C to a suspension of hydrazone 9 (500 mg, 1.62 mmol) in MeOH (15 mL). The resulting reaction mixture was stirred for 6 h at 45 -50 • C. Subsequently, the supernatant liquid was concentrated in vacuo to a volume of about 5 mL, cooled down to 10 • C, and then treated with 5 % aqueous HCl (40 mL). After 20 min stirring, the precipitate was filtered off, washed with water (2 × 20 mL), and then dried under reduced pressure to give 564 mg ( 
General method 2 (E)-3,4,4-Trichloro-1-(4-chlorophenylthio)-1-morpholino-2-nitrobuta-1,3-diene (15)
At 0 • C a solution of 0.18 g (2.1 mmol) morpholine in 3 mL MeOH was dropwise added to a suspension of 0.38 g (1.0 mmol) sulfane 14 in 10 mL MeOH. The resulting mixture was stirred for 1 h at the same temperature, then kept at r. t. for 10 h. After cooling to 0 • C the precipitate was filtered off, washed with water (2 × 10 mL) and cold MeOH 
(E)-3,4,4-Trichloro-1-(4-chlorophenylamino)-1-(4-chlorophenylthio)-2-nitrobuta-1,3-diene (16)
Following general method 2, starting from sulfane 14 and 4-chloroaniline at r. t. 
(E)-4,4-Dichloro-1-(4-chlorophenylthio)-3-methylamino-1-morpholino-2-nitrobuta-1,3-diene (17)
Following
(E,E)-3-Benzylamino-4,4-dichloro-1-(4-chlorophenylimino)-1-(4-chlorophenylthio)-2-nitro-but-2-ene (18)
Benzotriazole derivative 19
The compound was prepared in 72 % yield from nitrobutadiene 1 in THF according to Kaberdin et al. [20] .
General method 3 (E)-(1-Benzotriazol-1-yl)-3,4,4-trichloro-1-(4-fluorophenylamino)-2-nitrobuta-1,3-diene (20)
At 0 • C 0.117 g (1.05 mmol) 4-fluoroaniline was added to a suspension of 0.437 g (1.0 mmol) bis(benzotriazolyl) derivative 19 in MeOH (10 mL). Subsequently, the mixture was stirred for 1 h at 0 • C and at r. t. for additional 10 h. The cold mixture (10 • C) was diluted with cold water (50 mL) and conc. HCl (3 mL). The resulting precipitate was filtered off, washed with water (2 ×10 mL) and cold diethyl ether (2 × 3 mL). The product was dried under reduced pressure to give 369 mg (86 % (1-Benzotriazol-1-yl)-1-(4-bromophenylamino)-3,4,4 1 H, NH), 8.30 -8.12 (m, 1 H), 7.92 -7.60 (m, 3 H) , 7.47 (broad s, 2 H, CHCBr), 7.14 (broad s, 2 H, CHCNH). E)-1-(Benzotriazol-1-yl)-4,4-dichloro-3-cyclopropyl Table 2 . Selected interatomic distances (Å), bond angles (deg), and dihedral angles (deg) in the structure of 30.
(E,E)-1-(Benzotriazol-1-yl)-4,4-dichloro-1-(4-fluorophenylimino)-3-(2-hydroxyethylamino)-2-nitrobut-2-ene (25)
(E,E)-1-(Benzotriazol-1-yl)-3-(benzylamino)-4,4-dichloro- 1-(4-ethoxyphenylimino)-2-nitro-but-2-
(E,E)-1-(Benzotriazol-1-yl)-4,4-dichloro-1-(4-ethoxyphenylimino)-3-(2-hydroxyethylamino)-2-nitro-but-2-ene (29)
